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ABSTRACT

This docunent provides a summary of the status of the Pacific whiting

(Merluccius productus) stock in 1987 and recommendations for nanagenent in

1988. The current status of the Pacific whiting stock was eval uated on the

basis of 1986 Northwest and Al aska Fisheries Center (NWAFC) bottomtraw and

hydr oacoustic survey data and information on the relative abundance of juve-
niles in 1984-86 California Departnent of Fish and Game juvenile survey data.
The NWAFC survey data reveal ed several inportant findings. Analysis of the

age structure of the stock revealed three strong year classes (1977, 1980,
and 1984) are presently supporting the stock. In general, younger fish were
concentrated in the southern International North Pacific Fisheries Conm ssion
areas of Eureka and Monterey, whereas older fish were primarily |ocated north
of the Colunbia River. In areas where older and younger fish coexisted, the
younger fish were concentrated in the offshore environment (> 55 fathons

(fm), whereas the older fish were primarily located in the inshore environnent
(< 55fm. The total bionass of the Pacific whiting stock in 1986 was 2.1
mllion metric tons (t). Prelimnary information fromjuvenile whiting
surveys indicated that the 1984 and 1986 year classes may be strong.

New estimates of offshore Pacific whiting fishery production were made
using an age-structured sinulation nodel. A-new managenent policy was inposed
that constrained the spawner stock- biomass to previously observed levels with
a high probability. Mximmlong-termyield was estinmated under both constant
effort and variable effort scenarios using deterministic and stochastic
versions of the simulation nodel. -Estimates of maximum | ong-,term production
from the Pacific whiting stock ranged from 165,000 to 196, 000t. (Estimates

of yield were projected for the 1988-90 fishing seasons using the §i mul ation
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| NTRODUCTI ON

Commercially and ecologically, Pacific whiting (Merluccius productus) is

one of the most inportant marine fish species off the west coast of North

Ameri ca. Francis and Hol l owed (1985) summarize the history and nmanagenent of
the coastal fishery for whiting as follows. A small domestic fishery for
whiting has existed since at |least 1979. A large foreign fishery for whiting
was initiated by the US SR in 1966. During the period from 1973 to 1976,
Pol and, the Federal Republic of Germany (West Germany), the German Denpbcratic
Republic (East Germany), and Bulgaria joined the fishery.- Joint ventures for
whiting devel oped in 1978 between foreign nations and the United States and
Canada. In recent years (1980-86), joint venture operations have accounted
for a substantial percentage of the whiting catch in U S. and Canadi an waters
(Table 1). The estimated catches of whiting have ranged from 90,000 to 238, 000
metric tons (t) since 1966 (Table 1). Catches peaked in 1976 and were subse-
quently reduced, due primarily to restrictions on foreign effort inposed

after the inplenentation of the Magnuson Fisheries Conservation and Managenent
Act (MFCMA) of 1976.

Table 2 compares conmercial catch, Acceptable Biological Catch (ABC) and
fishery quotas from 1977 to 1987. Conbined U S and Canadi an catches have
been bel ow the recomended levels during the period from 1977 to 1986. The
1987 quota for the United States and Canada conbi ned exceeded the ABC for the
first time. Table 3 gives prelimnary U S. joint venture and foreign allo-
cations of catch for the 1987 fishing season. N neteen eighty-seven was the
first year that applications for whiting allocations were nade by the People's

Republic of China and the -People's Republic of Korea. Wth the donestication



of the U.S. fisheries in the "Gulf of A aska and the Bering Sea, foreign
interest in Pacific whiting can be expected to increase in the next few years.

The fishery for whiting is tied closely to the nmigratory behavior of the
popul ation. Bailey et al. (1982) provided a detailed description of the life
history of the stocks. Briefly, adult whiting spawn off the coasts of
central, southern, and Baja California during the winter. In the spring adults
mgrate northward to sumrertime feeding grounds off the coasts of northern
California, Oregon, Washington, and Vancouver Island. Larger individuals tend
to make the longest northerly migrations. Large adults nay migrate to waters
off the coast of, Canada while juveniles remain off central and northern
California. The. southward migration of adults begins in autum and may be
triggered by the shift of wind direction in the fall and the appearance of
the Davidson Current.

The work of Bailey (1981) establishes a statistical |ink between year-
class strength and environnmental conditions at the time of spawning. An
attenpt to merge this environmental relationship into an age-structured
management nodel was nade by Swartzman et al. (1983) and Francis et al.
(1984) . Francis (1985) sinplified this version of the nodel to evaluate the
status of the whiting stock and to provide estimates of future levels of
Acceptabl e Biological Catch (ABC

In 1987 research on the managenent and production of offshore whiting at
the Northwest and Al aska Fisheries Center (NWAFC) focused on two areas:

1) estimation of production parameters incorporating data from the 1986
fishery and the 1986 NWAFC triennial traw/hydrogcoustic survey, and 2)
revision of managenent policy and procedures used to estinate production of

the stock.



1986 SURVEY RESULTS

Since 1977, the NWAFC has conducted triennial acoustic/mdwater traw
and bottomtraw surveys of inmportant groundfish resources in the California
to British Colunmbia region. These surveys were ainmed primarily at providing
information on the distribution, abundance, and biology of Pacific whiting,

yellowtail rockfish (Sebastes flavidus), and canary rockfish (2. pinniger),

but data froma wide variety of species are also routinely collected. The
acoustic/mdwater traw survey and the bottomtraw survey are conducted

i ndependently, but concurrently, so results can be conbined to nore conpletely
characterize whiting distribution and abundance. The follow ng sections
describe the 1986 surveys and summarize information obtained relative to the

whiting resource.

Bottom Trawl Survey

The 1986 bottomtrawl survey design was devel oped to provide inproved
estimates of yellowail and canary rockfish abundance. Therefore, a 'large
portion of the available sanples were allocated to inportant rockfish grounds
off Washington and Oregon. However, a minimal sanpling density of 1 station
per 29 square nautical niles (nni? was maintained from 36°48 to 48°30" N
latitude to obtain information on Pacific whiting and ot her species. Sampl es
were allocated to two depth strata (55-183 mand 184-366 m) in proportion to
stratum area. Station locations were selected using a stratified/random
procedure. Al trawl hauls were 30 mnutes in duration and were conducted
during daylight hours with a Nor'eastern trawl equipped with roller gear and
a 3.18-cmliner in the codend. Horizontal and vertical net mputh dinmensions
averaged 13 and 7 m respectively. Sanpling . conducted by two chartered

stern tramers from south to north, commencing in Monterey Bay, California, on



9 July and termnating off Cape Flattery, Wshington, on 30 Septenber. Thus
only the U.S. portion of the International North Pacific Fisheries Comm ssion
(INPFC) Vancouver area was sanpled by bottom trawl. Catches were sanpled for
speci es conposition by weight and numbers, length and age conposition, sex
ratios, state of maturity, and a variety of other biological data

Successful trawl hauls were conpleted at 507 stations. Pacific whiting
was the-nmost abundant species in the shallow stratumthroughout nost of the
survey area. Mst traw hauls contained whiting and the catch per unit of
effort (CPUE) was high over much of the survey area. The CPUE is grouped by
three levels of magnitude and presented in Figure 1 on a haul - by-haul basis.
The CPUE was greatest in INPFC statistical areas Mnterey and Eureka where it
averaged 107 and 781 kg/kmtraw ed, respectively. A total of 239,153 t was
estimated by the bottomtrawl survey with 95% confidence limts of 179, 111-
299,195 t (Table 4, Fig. 2). N nety-five percent of the total whiting bionass
trawl surveys occurred in the 55- to 183-m zone. Juveniles (2- and 3-year-
ol ds) conprised a larger proportion (51% of the population in the 184- to
366-m zone than in the 55- to 183-minterval (41%. Forty percent of the
total biomass was found in the Monterey area, 19%in the Eureka area, 34%in
the Columbia area, and 7% in the US. portion of the Vancouver area

Length and age conpositions by |NPFC area are presented in Figure 3.
The nmost notable feature of the age conpositions was the high variability in
year-class size. The three nobst abundant year classes in the 1986
popul ation were 1977, 1980, and 1984. These three year classes accounted for
over 90% of the total population numbers,. Intervening year classes were
considered to have been quite weak. Another inportant aspect of the age
conpositions is the latitudinal variation. The 1984 year class was predom

inant in the Monterey and Eureka areas and accounted for a mmjor portion



(54% of the population in those areas. Very few 2-year-olds of the 1984
year class were present in the Colunbia area and no whiting less than 5 years
old were in the U S.-Vancouver area. In those northern areas, the popul ation:
was |largely conprised of 6- and 9-year-olds of the 1980 and 1977 year cl asses,
If this latitudinal pattern is consistent, in years when newy recruited year
classes are of noderate or small sizes, a nuch snaller proportion of the
total bionmass tends to be found in the California-southern O egon region.
The converse may or may not be true, depending on environmental conditions.
Even though a large 1980 year class was present in 1983, a large proportion
of the younger fish were located off Oregon. This could have been related to
northward extension of unusually warm water observed during the 1982-83
El Nino.

The latitudinal stratification by age results in increasing mean |ength
from south to north. Mean fork length in the Monterey area was 39 cmwhile
it was 48 cmin the U S. portion of the Vancouver area. The length dis-
tributions in the southern areas are strongly binodal. The left npde at
about 34 cm was conprised alnpst entirely of 2-year-olds, and all of the
other age groups fall into the right node. The distribution in the US. -

Vancouver area is uninodal due to the absence of juvenile fish.

Acoustic/Mdwater Trawl Survey
An acoustic/mdwater trawl survey sanpled the pelagic conponent of the
Pacific whiting stock in coastal waters (55-366 m from San Francisco,,
California (37°10'N), to Nootka Sound, Vancouver Island (49°30'N), between 30
June and 31 July 1986 (NWAFC 1986). The principal objective of the survey
was to collect echo integrator and midwater traw data necessary to determ ne
the distribution, abundance, and biological conposition of the off-bottom

whiting stock.



The survey was conducted aboard the NOAA ship Mller Freeman, a 66-m

stern traw er equi pped for fisheries and oceanographi c research. Acoustic
data were collected using a conputerized echo integration systeminstalled in
a cargo container nmounted to the deck of the vessel. The system included a
38-kHz echo sounder used with a multi-beam transducer. The transducer was
-housed in a deadwei ght body towed behind the vessel at a depth of 10-15 m
Echo data were processed using a Hew ett-Packard4/ 1000 conputer. Echo sign
was sanpled using a 3/4 scale Norsenet rectangular midwater traw and a
Di anond 1000 midwater traw .

Survey work began off the coast of California and proceeded northward.
Echo integration data were collected along a zig-zag trackline placed roughly
perpendi cul ar to bottom depth contours with transect endpoint spacing at 15
nmi. Data collection along the trackline was confined to daylight hours
(0600- 2100 Pacific daylight time) because of the tendency of whiting schools
to disperse and mix with other species at night. Density estinmates were
conputed at 1 -minute intervals for each |-m depth stratum from the transducer
to within 3 mof the bottom These |-mvalues were summed over the water
colum to provide estimates of surface density (kgAn which were in turn
averaged and multiplied by the areal extent of a whiting aggregation to yield
an estimate of biomass

M dwater trawl hauls were made at selected |ocations to identify echo
sign and provide biological sanples. Standard catch sorting and biol ogica
sanpling procedures were used to provide estimtes of total weight and
numbers by species, length conposition data for abundant species, and

i ndi vi dual wei ght neasurenents and otolith sanples for Pacific whiting.

4, Reference to trade names does not inply edorsenment by the National Marine
Fisheries Service,, NOAA



The survey trackline consisted of 112 transects totalling 2,092 nm
(Fig. 4). Wiiting were encountered along the entire coast with the densest
concentrations just north of San Francisco, California, and off the Strait of
Juan de Fuca, Washington (48°20'N). Point estimates and confidence intervals
of biomass for 13 whiting aggregations are presented in Table 5. The nidwater
estimate of total biomass for the west coast whiting stock was 1.89 million t
with a 95% confidence interval between 1.66 million and 2.12 mllion t. (ne
of the larger aggregations of fish (aggregation 1) was found in the Mnterey
I NPFC area and extended from Point Reyes, California (37°45' N), to Punta
CGorda, California (40°05'N). Analysis of data south of aggregation 1 was
i nhi bited because of dense concentrations of zooplankton in the water col um.
Two trawl catches just south (37°25'N) of the Farallon Islands contained
significant quantities of whiting. However, a qualitative assessment of
echograns collected during the bottomtraw survey indicates that few whiting
were present in mdwater in the area off Monterey Bay, California (36° 48" ' N)5/.
Bet ween Eureka, California (40°45'N), and the Colunbia R ver (46°15 N), the
survey encountered two extensive offshore aggregations (aggregations 3 and 5)
and three snaller” inshore aggregations (aggregations 2, 4, and 6). North of
the Columbia River, there were six snall aggregations (aggregations 7, 8, 9,
11, 12, and 13) and one dense aggregation (aggregation 10) off the Strait of
Juan de Fuca. The latter concentration accounted for 22% of the total coast-
wi de biomass. The proportion of the coastal mdwater biomass in Canadian
waters was 15%

Forty-eight mdwater traw hauls provided the biological data used

to derive age and size-specific estimtes of biomass and popul ati on abundance.

5 Mark WIkins, Northwest and Al aska Fisheries Center, RACE, NOAA Bin C15700,

Bldg. 4, 7600 Sand Point Way NE, Seattle WA 98115.  Pers. commun., October
1986.



An exam nation of length conposition data reveal ed an adult stock of large
fish (average length = 45 cm) north of the Colunmbia River (Fig. 5).

South of the Colunbia River, juvenile. fish of nmean length 34 cm were found in
addition to adults. An exami nation of the inshore (<101 m and offshore
(101m traw catches south of the Colunmbia River revealed that 1) inshore,
adul ts out nunbered juveniles approximately two to one, and 2) offshore,
juveniles outnunbered adults approxinmately five to one (Fig. 6). Juveniles
were al so nore pronminent in bottomtrawl sanples fromthe deeper portions of
the survey area. The reason for the habitat separation is unknown/but may
be linked to feeding behavior.

Two year classes domnated the whiting midwater stock in 1986. The 1980
(6-year-olds) and 1984 (2-year-olds) year classes accounted for 79% of the
total coastwi de biomass (Fig. 7) and 87% of the total population nunbers
(Fig. 8. The exploitable adult stock was dom nated by the 1980 year class
In the Monterey INPFC area, the juvenile 1984 year class accounted for 70% of
the biomass. The relative absence of 3-, 4-, and 5-year-old fish reinforced
the evidence that the 1981, 1982, and 1983 year classes were bel ow average
Wth the exception of a single trawl haul in the Monterey |INPFC area, no
age-0 or age-1 whiting were captured during the survey.

Attenmpts at assessing the size of a fisheries resource, whether it be
via acoustic/mdwater trawl survey or bottomtraw survey, are subject to
both systematic (e.g., target strength, calibration, net catchability) and
nonsystematic (e.g., sanpling) errors (Traynor et al., in press). In
acoustic/mdwater trawl surveys, one potential source of bias is the fish
target strength value used to scale echo integrator output to estimates of
absol ute abundance. The value currently used for whiting, -35 decibel s(dB)/kg

was originally selected froma review of the fisheries acoustics literature



as representing a consensus for "whiting-like" species. In situ dual beam
data collected during the 1980 and 1983 surveys suggest that-33 dB/ kg may be
a nmore appropriate choice. A correction from-35to -33 dB/ kg would result
in a 37% decrease in estimated biomss. However, the paucity of whiting
target strength data conbined with the fact that dual beamresults have yet
to be corroborated by the split beam system nmke us hesitant to change from
the historical value of -35 dB/kg.

Transducer source level is another of the parameters used to scale echo
integrator output. To nonitor performance and provide the necessary scaling
factors, the acoustic systemis calibrated before and after each survey.
During 1986, the post-cruise systemcalibration revealed a 1.7 dB drop in
source level from pre-cruise neasurements. It was inpossible to deternine if
this change in source level occurred at some point during or after the survey,
or represents a gradual decline. The pre-cruise value of source |evel was
used in our calculations because it yielded a nore conservative, and in our
opinion, nore realistic estimate of biomss. For exanple, the annual total
mortality estimates for the 1980 year class between 1983 and 1986 using 1986
pre and post crui se abundance estimates were 0.20 and 0.07 respectively. The
value of 0.07 was unreasonably |ow, whereas the value of 0.20 is nuch closer
to the average value of total nortality for ages 3-5 (0.26) (see pages 14 and
15). Application of the post-cruise value in analysis would result in a 48%
increase in estimated biomass.

Once the biomass estimate was derived, it was partitioned into the
different year classes using the age and length data collected from n dwater
trawl catches. Errors in ageing biological sanples directly influence
estimates of year class abundance (Lai and Gunderson 1987). W have evidence

of ageing errors from past whiting surveys, and so this possibility cannot be
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dismissed. Since ageing errors are typically + 1 year, estimtes of year-
class strength for cohorts that are adjacent to strong year classes are

especially vulnerable to this bias.

Combi ned Survey Results

Bi ol ogi cal data fromthe acoustic/mdwater traw and bottom traw
surveys were simlar, but some area differences do exist.® Results of the
bottomtraw survey show the presence of |arge numbers of whiting in the
Eureka area which were 30-38 cmin length, a length group which was not so,
promi nent in the acoustic/m dwater trawl sanples fromthe area. This m ght
be explained by the fact that only two midwater trawl hauls were made in the
Eureka area. Perhaps the size conposition observed in these two tows was not
representative of the population. Conversely, a considerably higher proportion
of small fish were observed by the acoustic/m dwater trawl survey in the
Colunmbia area than by the bottom trawl survey. Overall, the acoustic/m dwater
trawm survey sanpled a slightly higher proportion of small fish. than did the
bottomtrawl survey. Both sets of data show a total population length distri-
bution which is binodal with nodes at about 34 and 44 cm

Age conpositions derived by the two surveys reflect the area differences
di scussed above. The 2- and 6-year-olds of the 1984 and 1980 year classes were
promnent in both data sets. Nine-year-olds of the large 1977 year class were
still notable in the bottom traw sanples, but were less inportant in the
acoustic/mdwater traw sanples. Differences in age and |ength conposition
based on bottom and mdwater trawl sanples may be due to sanmpling variability,
gear selection, or vertical statification of the population, but the relative
i mportance of these factors is unknown.

The bi omass estinates derived fromthe 1986 bottom traw and acoustic/

m dwat er surveys were conbined and conpared with estimates for 1977, 1980, and
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1983 in Figure 9 and Table 6. Estimates fromthe two surveys were assunmed to
be additive. In 1980 and 1983 when the bottom trawl and acoustic/ni dwater
tram surveys sanpled the sane area, the bottom conponent averaged about 12%
of the total. Biomass in the Monterey area tends to vary nore annually than
in the nmore northern areas as occasional strong year-classes occur. Bionmass
estimates in the Colunbia and Vancouver areas were nore constant between

years. There has been an increasing trend with total bionass rising from1.2
mlliont in 1977 to 2.1 million t in 1986. This trend should not be expected
to continue over |ong periods because bionass |evels are subject to |arge
changes due to variable recruitment. The 1986 bionass estimte exceeded the
long-term average (1.55 million t) due largely to the presence of the three

| arge year classes previously nmentioned. Because the 1980 year class wll'
be a prom nent conponent of the population for another year and the 1984

year class is not yet fully recruited to the exploited population, the outl ook

is for abundance to remain at a relatively high level for the near future.
CURRENT STATUS OF THE RESOURCE

Age Conposition

Figure 10 illustrates the relative age frequencies of whiting catches for
1985 and 1986 in U.S. and Canadi an waters. In both years, nobst of the catches
were conprised of strong year classes (1977, 1980, and 1984). It is inter-

esting to note that the Canadian fishery is primarily supported by ol der fish,

wher eas younger fish conprise a major portion of the U S. fishery.

Year-Cl ass Strength
Since the fishery is predomnantly supported by a small number of strong
year classes, it is useful to forecast the relative strength of recruitment

based on pre-recruit abundance. Figure 11 shows histograns of three indices
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of year-class strength. The first two indices give a neasure of relative
abundance of O-age whiting. They correspond to the CPUE and percent occur-
rence of O-age whiting in nmd-water trawm surveys conducted by the California
Departnent of Fish and Gane (CDFGG) off the California coast (south of Point
Conception) over the last 20 years (updated from Bailey et al. 1986).  Annual
i ndi ces of juvenile abundance from surveys conducted in spring, sumrer,
autum, and early winter are given. The last index is a measure of the
abundance of 3-year-olds (i.e., the age of recruitment to the fishery) obtained
from cohort analysis. Cearly, the strong year classes of 1967, 1970, 1973,
1977, and 1980 , which have historically supported the fishery, were ident-
ifiable in the Oage survey. Al so, both pre-recruits and recruit indices
indicate that the 1981 to 1983 year classes were conplete failures and shoul d
not be expected to significantly contribute to the fishery:'

The O age surveys can be used to forecast the relative strength of the
1984 to 1986 year classes for which recruitment estimates from cohort
anal ysis can not yet be obtained. Estimates from the O age- surveys conducted
during those years suggested that the 1984 and 1986 year classes were above
average (Fig. 11). Catch-at-age data from the 1985 and -1986 fishing seasons
and the results of the 1986 NWAFC traw / hydroacoustic survey show |arge
catches of |- and 2-year-olds respectively, which tends to support other
indications that the 1984 year-class strength is above average (Figs. 8 and

10) .

Gowth
Esti mates of annual mean | ength-at-age and nmean wei ght-at-age by sex were
cal cul ated using 1975-86 data from the National Marine Fisheries Service
(NVFS) U.S. Foreign Fisheries Chserver Program Exami nation of nean annual

wei ght - at - age reveal s sharp decreases in 1978 and 1983 (Fig. 12). The drop
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in weight-at-age observed in 1983 may reflect the influence of the EIl N no
phenonenon.  The graphs of nean weight-at-age and | ength-at-age show a genera
decline in average size of fish age 8 and above between 1976 and 1986

(Figs. 12 and 13). A simlar decline has been observed in the Straight of
CGeorgia Pacific whiting stock (Sandy Mfarlane, Pacific Biological Station,
Nanai mo, B.C., Canada, VIR 5K6. Pers. Conmmun., March 1988)

Exam nation of annual nean |ength and nean wei ght-at-age data al so
reveal ed extrenely | ow val ues of nean weight and length for 3-year-old fish
in 1979 (Figs. 12 and 13). Conparison of the individual length frequency
distribution of 2- and 3-year-olds and their conbined |length frequency in
1979 with the corresponding general distributions for 1975 to 1986 showed
clear differences." This suggested that menbers of the strong 1977 year-cl ass
were incorrectly assigned to the age-3 group. Therefore, the relative
frequency of 2- and 3-year-old fish in 1979 was corrected using a nethod
devel oped by Dan Kinmura (NWAFC, 7600 Sand Point Way NE, Seattle, WA, 98115.
Pers. Commun., April 1987). First, the distribution of length -at-age for ages
2 and 3 was deternmined for all years except 1979 (i.e., 1976-77, 1978-86).
Then, the length-at-age distribution of 2- and 3-year-old fish conbined was
divided into age 2 and age 3 cl asses based on the expected | ength-at-age
distribution for ages 2 and 3 for all other years. Using this method, 97% of
the conbined 2- and 3-year-old fish in 1979 were classified as age 2. Since
there is sone degree of interannual variability of |length-at-age, we assuned a
slightly nore conservative classification of 90% age 2 and 10%age 3.

Kinura's nmethod was only applicable in cases of nis-ageing young age groups
where a clear distinction of |ength-at-age was possible. Therefore, Kinmura's

net hod could not be used to correct the ageing errors in older fish.
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ESTI MATES OF FI SHERY PRODUCTI ON

Wth inclusion of the 1986 fishery data as well as the abundance
estimates fromthe 1986 triennial NWAFC traw /hydroacoustic survey, new
estimates of natural nortality (M, catchability (q), and initial population (N)

were derived.

Catch-at-Age Estinates

Estinates of catch-at-age in nunbers fromthe 1986 fishing season were
deternmined by a procedure developed by Kimura (In press). Using this method,
the yield for a given substratumwas distributed by age using randomy
sanmpl ed length frequencies froma given stratumapplied to age-length and
wei ght-length keys. For this analysis the follow ng substrata were used:
quarter, |INPFC area, and fishery type (i.e., joint venture or foreign
directed).In addition, the estimted catch-at-age for 1979 was revised
because of the nodification in the age conposition of the catch described

above. Catch-at-age for 1973-78 and 1980-85 are from Hollowed and Francis

(1986).

Natural Mrtality Estinates

Age-specific natural nortality was derived using a nodified formof the
met hod described in Francis (1985). Total nortality (2) was estimted by
followi ng the decay of abundance' of cohorts using data from the 1977, 1980,
1983, and 1986 triennial NWAFC surveys. Total nortality was partitioned into
natural (M and fishing (F) nortalities by incorporation of catch information.

Fol | owi ng the decay of individual cohorts using the current estimtes of
catch and abundance- at-age reveal ed i nstances where the nunber of fishin a
cohort at the end of a decay period (1977-80; 1980-83; 1983-86') exceeded the

initial number in the cohort. To investigate this problem the decay of strong
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year classes of Pacific whiting was examined. This exercise reveal ed instances
when sone fish were apparently nis-aged by plus or minus 1 year. To 'overcone
this ageing problem we followed the decay of three groups of cohorts consist-
ing of fish ages 3 to 5, 6 to 8 and 9 to 11. The annual natural nortality
esti mates for each age category were averaged over all three decay periods
(Table 7).

It was possible that the estinates of Mfor the younger' fish. (ages 3 to 5)
were underestinmated and the estimates for the ol der age groups were over-
estimated. The estimate of Mfor the younger fish (ages 3 to 5) may be under-
esti mated because these fish are only partially recruited to the fishery.'
Furthernore, in sone years the triennial survey did not adequately sanple the
southern range of the whiting population. This southern portion of the range
was typically domi nated by the younger inmmature fish. The values of M for ages
9 to 11 were nost |ikely overestinated because the behavior of the ol der fish
may nmake them partially unavailable to both the commercial and survey gears.
Therefore, we assumed that average estinmate of M (0.2) for ages 6 to 8 (the
youngest ages fully recruited to the fishery) represented the nmost realistic
estimate for the entire stock. This value of natural nortality was the same as
that estimated for the Puget Sound whiting stock using Gunderson and Dygert's
(1987) relationship between relative reproductive effort and natural nortality
(Goni 1988). Ths value of Mwas also simlar to an estinate of natura
nmortality (m = 0.25) based on the Beverton and Holt (1959) relationship between

natural mortality and maxi num age (20 yrs).

Popul ati on Esti nmates
Age-specific catchabilities (q) and 1973-86 popul ati on abundance were
estimated from the cohort analysis method devel oped by Francis (1983). This

cohort analysis uses the analytic formulation of Pope (1972) and Tonlinson
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(1970) . The analysis was performed in such a way to fit the estimated nunbers-
at-age fromthe cohort analysis to the nunbers-at-age derived fromthe 1977,
1980, 1983, and 1986 NWAFC triennial traw -hydroacoustic surveys. W assuned
that the survey estimtes of abundance of whiting at, ages 6 to 8 provided the
most reliable estimates of M within the range of ages of 3 to 11. Accordingly
the fit of the cohort estinates was done focusing mainly on those ages, but

also minimzing the overall sum of squares across the 4 years considered in

the analysis. Catch data used to performthe cohort analysis, estinmated

fishing nortality, nunbers-at-age observed fromthe surveys, and estimated

nunbers-at-age fromthe cohort analysis are given in Table 8.

Recr ui t ment

Data and estinmates that formthe basis of a stock-environnent-recruitment
rel ationship used in the managenent nodel are presented in Table 9. The second
colum gives the year class index (Bl) devel oped by Bailey (1981). This index
represents the nean contribution of a cohort at ages 4, 5, and 6 based on
survey and conmercial catch data. The third columm gives an analog of Bailey's
YCl based on estinmates of nunmbers-at-age fromthe cohort analysis for the
1967-82 year classes. The YC for the 1960-66 year classes was derived from
a linear regression of Bl (based on survey data) on the YCl (based on cohort
anal ysis) for the 1967-75 year classes.

The fourth colum of Table 9 gives estimates of recruitnment at age 3.
Recruitnent was estinmated from the cohort analysis for the 1970-83 year
cl asses and predicted for the 1960-69 year classes froma |inear regression
of R3 on YCl (based on the 1970-82 data).

The fifth colum of Table 9 shows the estinates of femmle spawning

stock biomass. The spawni ng bi omass was cal cul ated fromthe cohort analysis
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for 1973-86 year classes, and derived froma reconstructed stock of 3- to 7-
year-olds for the 1967-72 year classes. The stock of fish ages 3 to 7 was
reconstructed fromthe initial estinates of recruitnment by accruing natura
and fishing nortality via a Beverton Holt type analysis. The total spawner
bi onass was estimated based on the linear regression of the total spawner

bi onass on the spawner biomass of the 3- to 7-year-olds.

Maxi mum Sust ai nabl e Yield

Estinates of offshore whiting fishery production were made using a
nodi fied formof the age-structured sinulation nodel described in Francis
(1985). The nodel has both a deterministic and a stochastic form  Stochastic
variability is associated with variations in recruitment. The simulations
were nade over a 1,000-year tine period to provide a |ong-term eval uation of
potential yield fromthe whiting stock under various fishing scenarios and
managenent options.

Recruitnment in the sinulation nodel was assuned to be a function of
tenperature at the tine of spawning. Bailey (1981) showed whiting recruitment
to be inversely -correlated to wind-driven Eknman transport on the spawning
ground in early winter. He found that offshore transport was positively
correlated with ,-the level of upwelling, and negatively correlated with sea
surface tenperature. Therefore, years of "cold" water tenperatures on the
spawni ng ground were assuned to be years of low |arval survival, and years of
"warnt water tenperatures were assumed to be years of higher, although nore
variable, larval survival (Fig. 14).

Figure 15 gives the 1930-86 tinme series of average January-March sea
surface tenperatures in the Los Angel es Bight, the approximate center of
whiting spawning range. As described in Francis et al., (1984), tenperatures

above and bel ow 15°C were considered warm and col d tenperatures, respectively.
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The tenperature tinme series was used as a driving variable for runs of the
age-structured nodel. In order to make the 1,000-year runs, the tenperatures
fromyears 1943 to 1982 were cycled through. the mbdel 25 tines. This tine
period appeared to capture two cycles of warmand cold tenperatures (Fig. 15).

Figure 16 shows recruitnent |evels corresponding to spawner biomass for
the years 1967 to 1983. No apparent relationship between recruitnent and
| evel of spawner biomass exists in the range of the available infornation.
Therefore, recruitment was considered to be a function of tenperature al one
and density dependent effects on recruitnent were not considered.

Because density dependent recruitnment has not been observed in the range
of observed spawning biomasses, a prudent managenent policy is to maintain
spawni ng biomass in this range. The above consideration about recruitment
led us to develop constant and variable effort managenment policies which,
with a high probability, constrained the spawning biomass to previously
observed levels. Spawner biomass was constrained as follows: spawner bionass
was allowed to drop below the | owest observed level (SB min = 0.319 nmillion t,
Table 9) only 10%,of the time in a 1,000 year run of the nmodel. W defined
the nodel parameter fopt as: 1) the, level of effort which nmaximzed the
| ong-term catch subject to the above constraint in the constant effort scenario,
and 2) the value about which effort is varied in the variable effort scenario,
which maximized tﬁe long-term catch subject to the constraint above. In the
variabie eff&rt‘case, effort in a given year was calculated as follows:

fi = effort in year i

= fopt (SBi/SBoPt),
Where SBOpt= optimum spawner biomass level set equal to the mean observed
spawner biomass at the beginning of year (0.6373 million t). The parameters

used in the 1,000-year runs appear in Table 10.
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Runs were made using both the determ nistic and stochastic versions of
the model. Stochasticity was incorporated in recruitment as a |og-norm
random variable with nean equal to the corresponding cold or warm year mnean
recruitnent and standard deviation equal to product of the mean recruitment
and the observed coefficient of variation in recruitnent for the respective
tenperature condition. Log normal random variates were generated using the
met hod decribed in Naylor et al. (1966). In the stochastic cases, the esti-
mates of |ong-term production represented the average of 10 1,000 -year runs,
each with different seed values for the random number generator. In the
determnistic cases, 1 run of 1,000 years was made with coefficient of vari-
ation of recruitnment set equal to zero

Table 11 gives the results fromthe 1 ,000-year optimal variable and
constant effort runs of both the deterministic and stochastic versions of the
model .  The maxi num average annual surplus production of the stock under the
vari abl e and constant effort options was 196,000 and 185,000 t using the
deternministic version of the npodel, and 182,000 and 165,000 t using the
stochastic version. W believe that the stochastic version nmore accurately
represented the inherent variability in the recruitment of the whiting popul a-
tion. The stochastic version also produced slightly |ower estimates of

average yield, fromsubstantially | ower values of fopt.

PROJECTIONS OF 1988 ABC
Estinmates of whiting yields were projected for the 1988-90 fi shing
seasons using the deterministic version of the nodel. Runs of the nodel were
made incorporating the best estimates of stock abundance and recruitment
| evels for the upconming fishing seasons. In these runs, fishing was initiated

at the beginning of 1986. Effort was then set to renpve the observed catches
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for 1986 and expected catches for 1987 (209,000 and 285,000 t, respectively).
Initial numbers-at-age in 1986 were fromthe result of the cohort analysis.

Projections of yield in 1988-90 were based on the assunptions that:

1) the 1984 and 1986 year classes were strong (i.e., nean warm year recruit-
ment = 0.971 billion), and 2) the 1985 and 1987 year classes were average
strength (i.e., the mean recruitnent for warmyears excluding the strong year
classes = 0.339 billion). The first assunption was based on the fact that the
results of the 1986 NWAFC traw / hydroacoustic survey and the 1984-86 CDF&G
juvenile surveys indicate that the 1984 and 1986 year classes were strong.

W assunmed that the 1985 year class was average strength because the 1985
CDF&G juvenile survey indicated that the 1985 year class was average. e
assumed that the 1987 year class was average, despite the fact that tenperature
conditions on the spawning grounds were warm, because two sequential strong
year classes of Pacific whiting have rarely been observed.

The results of our 1988-90 catch projections under various. policy options
are shown in Table 12. The first two projections were produced fromthe
application of the constant effort and variable effort policies derived using
the optimum fishing effort determined in the 1,000-year runs of the stochastic
version of the nodel Under both of these options there was a significant
decrease in catch over the 3-year tine period. As a result we made two runs
that inplemented constant effort and constant catch policies and gave the
sane spawni ng stock protection over the 3-year period as the variable effort
algorithm (i.e., reducing the spawning stock biomass to no |ower than 596, 000
t by the beginning of 1991). It was interesting to note that the trade-off
in mean catch around 1988-90 was m nimal when conparing the variable effort
al gorithm (341,000 t/year) with the constant effort (336,000 t/year) and
constant catch (325,000 t/year) which gave the same spawni ng stock protection

at the beginning of 1991.
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We recommend that the ABC for the total Pacific whiting stock in 1988
should be set at 325,000 t. The results of our nodeling exercise indicated
that this yield could be sustained over the next 3 years without inposing any
significant damage to the stock. The yield-at-age projected fromthe nodel for
the 1988 season can be allocated between the U S. and Canadi an fisheries based
on a snoothed estimate of the proportion-at-age of available biomass in the-
correspondi ng zones as determined by the 1986 NWAFC hydroacustic survey.

Using this nethod, the 1988 ABC for the U S. Pacific whiting fishery would be
232,000 t. The higher than average Canadi an proportion of the total yield
(29% reflected the fact that 89% of the expected yield at age in 1988 is

comprised of older fish (age 8 and above).
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Table 1 .--Annual catches of Pacific whiting (1,000 t) in U S and Canadian waters by foreign, joint venture (Jv),
and domestic fleets.

U S Canada Conbi ned

Year Foreign J-v Donesti ¢ Tot al Foreign JV Domesti c Tot al Tot al CPUEZ Effort*
1966 137.000 0.000 0.000 137.000 0.700 0.000 0.000 0.700 137.700 19,2 T.171
1967 168.699 0.000 8.963 177.658 36.713 0.000 0.000 36.713 214,371 36.0 5,951
1968 60.660 0.000 0.159 60.819 61.36t1 0.000 0.000 61.361 122,180 11.8 10.397
1969 86.187 0.000 0.093 86.280 93,851 0.000 0.000 93.851 180.131 18.5 9.726
1970 159.509 0.000 0.066 159.575 75.009 0.000 0.000 75.009 234.584 25.6 9.180
1971 126.485 0.000 1.428 127.913 26,699 0.000 0.000 26.699 154,612 17.5 8.842
1972 74.093 0.000 0.040 74.133 43.413 0.000 0.000 43.413 117.546 15.9 7.381
1973 147.441 0.000 0.072 147.313 15.125 0.000 0.001 15.126 162.439 23.8 6.752
1974 194.108 0.000 0.001 194.109 - 17.146 0.000 0.004 17.150 211.259 24,3 8.705
1975 205.654 = 0.000 0.002 205.656 15.704 0.000 0.000 15.704 221.360 19.0 11.646
1976 231.331 0.000 0.218 231.549 5,972 0.000 0.000 5.972 237.521 25,7 9.242
1977 127.013 0.000 0.489 127.502 5.191 0.000 0.000 3.453 130.955 30.9 4.244
1978 - 96.827 0.856 0.689 98,372 3.453 1.814 0.000 6.464 104.836  35.2 2.980
1979 114.909 8.834 0.937 124.680 7,900 4.233 0.302 12.435 137.115 26.0 5.276
1980 44,023 27.537 0.792 72.352 - 5.273 12.214 0.097 17.584 89.936 28.5 3.152
1981 70.365 43.556 0.839 114.760 3.919 17.159 3.283 24.361 139.121 28.3 4.915
1982 7.089 67.464 1.024 75.577 12,479 19.676 0.002 32.155 107.732 30.9 3.489
1983 0.000 72.100 1.050 73.150 13.117 27.657 - 0.000 40.774 113.924 (30.9) (3.687)
1984 14.722 78.889 2,721 96.382 13,203 28.906 0.000 42.109 138.491 (30.9) (4.482)
1985 49.853 32.033 4.636 86.522 10.533 13.237 1.192 24.962 111.484 (30.9) (3.608)
1986 69.861 81.640 3.463 154.964 23.743 30.136 0.000 53.879 208.843 (30.9) (6.759)

MEAN 125.053 ] : 29.800 156.007

Le

*Effort for 1983-86 based on the assunption of constant CPUE equal to that observed in 1982.

| Preceﬁhg page blank j




Table 2.--Annual catches of Pacific whiting (1,000 t) in US. and Canadian waters by foreign, joint

venture (JV), and donestic fleets conpared to fishery quotas and Acceptabl e Bi ol ogi cal

Catch (ABC).

U. S. Canada Conbi ned

Year Cat ch Quota ABC Cat ch Quota ABC Cat ch Quot a ABC
1977 127.502 150.000 - 3.453 20.000 - 130.955 170.000 -
1978 98.372 130.000 - 6.464 23.000 - 104.836 153.000 -
1979 124,680 198.000 - 12.435 24.700 - 137.115 222,700 -
1980 72.352 175.000 - 17.584 31.500 - 89.936 206.500 -
1981 114.760 175.000 - 24.361 31.000 - 139.121 206.000 -
1982 75.577 175.000 - 32.155 30.500 - 107.732 205.500 -
1983 73.150 175.000 - '40.774 42.000 - 113.924 217.000 -
1984 96.382 175.000 - 42.109 40.000 - 138.491 215.000 270.000
1985 86.522 175.000 145,000 24.962 33.400 67.000 111.484 208.400 212,000
1986 154.964 227.500 300.000 53.879 70,000 105.000 208.843 297.500 405.000
1987 195,000 206,000 90.000 58.000 285.000 264.000
MEAN
77-86 102.426 25.818 128.244

8¢
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Table 3.--Prelinmnary 1987 foreign allocations of Pacific whiting by the
United States.

Joi nt
vent ure Di rected

USSR 45, 000 0
People's Republic of China 5, 000 7,500
People's Republic of Korea 2,500 2,500
Pol and 53, 750 53, 750

Tot al 106, 250 63, 750
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Table 4.--Pacific whiting bionass estinmates and 95% confi dence intervals by
International North Pacific Fisheries Conm ssion (INPFC) area and
depth stratum based on bottomtraw survey data.

299,195

Dept h Bi onass*
(m (t) 95% Confidence interval

INPFC Monterey

55-183 91,124 58,132 - 124,116 (: 36%)

184-366 . 4,829 15 - 9,643 (+ 100%)

55-366 95,953 62,724 - 129,181 (+ 35%)
INPFC Eureka

55-183 42,325 27,177 - 57,473 (+ 36%)

184-366 2,903 72 - 5,734 (i_ 98%)

55=366 45,228 29,868 - 60,588 (+ 34%)
INPFC Columbia

55-~183 77,147 45,372 - 108,922 Q; 41%)

184-366 1,421 868 - 1,974 (+ 39%)

55-366 78,568 46,788 - 110,348 (+ 40%)
'U.S. portion of INPFC Vancouver

55=-183 18,070 6,471 - 29,669 (i_ 64%)

184-~366 1,335 632 - 2,038 (:_ 53%)

55-366 19,404 7,784 - 31,024 (+ 60%)
Total survey area

55-183 228,666 168,967 - 288,302 (+ 26%)

184-~366 10,487 2,787 - 18,188 (+ 73%)

55=366 239,153 179,111 - (+ 25%)

*Differences in totals may exist due to rounding.



Table 5.--Biomass estimates for the 13 Pacific whiting aggregations delineated during the 1986 acoustic/

m dwater traw survey.

Subtotals by INPFC area and a total

for the west coast are presented.

Bi onass St andard Area Density
Aggregat i on (1) Error 95% confi dence interval (nni %) (kg/ nf) | NPFC area
1 770,292 82027 60951 - 931065 . .(+ 21%) 1283 0.175 MONTEREY
2 76,290 17669 41658 - 110922 (+ 45%) 195 0.114
3 115,915 16127 84306 -~ 147524 (+ 27%) 490 0.069
192,205 23922 145317 - 239093 (+ 24%) 685 0.082 EUREKA
3 96,366 32409 32844 - 159888 (+ 66%) 2N 0.104
4 36,374 2903 30684 42064 (+ 16%) 200 0.053
5 197,654 34936 129180 - 266128 (+ 35%) 783 0.073
6 27,235 5961 15552 38918 (+ 43%) 81 0.098
7 24,273 944 22424 26122 (+ 8%) 49 0.144
8 20,567 4651 11451 29683 (+ 44%) 62 0.097
402,469 48346 307710 - 497228 (+ 24%) 1446 0.081 COLUMBIA
9 32,238 5456 21544 42932 (+ 33%) 70 0.134
10 206,309 46401 115362 - 297256 - (+ 44%) 225 0.264
238,547 46721 146974 - 330120 (+ 38%) 295 0.233 VANCOUVER (USA)
10 216,136 36490 144616 - 287656 (+ 33%) 247 0.252
11 29,744 7668 14714 44774 (+ 51%) 110 0.079
12 27,490 16479 0 59789 (+117%) 79 0.101
13 10,875 5329 430 21320 (+ 96%) 105 0.030
284,245 41113 203664 - 364826 (+ 28%) 541 0.152 VANCOUVER (CAN)
1,887,758 116237 4250 0.129 WEST COAST

1659933

2115583 (+ 12%)

1€
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Table 6.--Pacific whiting biomass estimtes based on bottomtraw and hydrocoustic
surveys in 1977, 1980, 1983, and 1986.

International North Pacific Fisheries Conm ssion Area.

Year Mont er ey Eur eka Col unbi a Vancouver Tot al
1977 BT 17,707 10,153 31,548 5,791* 65,199
H 108,087 360,944 316,440 343,821 1,129,292
T 125,794 371,097 347,988 349,612 1,194,491
1980 BT 140,948 11,338 19,858 16,155 188,299
H . 578,841 182,783 260,477 322,335 1,344,436
T 719,789 194,121 280,335 350, 260 1,532,735
1983 BT 19,165 43,559 56,665 9,420 128,809
H 56,203 252,265 397,168 495,231 1,200,867
T 75,368 295,824 453,833 512,719 ° 1,329,676
1986 BT 95,953 45,228 78,568 19, 404* 239,153
‘ H 770,292 192,205 402,469 522,792 1,887,758
T - 866, 245 237,433 481,037 542,195 2,126,911

BT = bottomtrawl; H = hydroacoustic; T = total

*U. S. portion of Vancouver area only



Table 7. --Sunmary of natura
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nortality coefficients by cohort decay period.

nort.

3-year 3-year 3-year Annual
Fishing nort. Total, nort. Natural Mort . Exploitation nat ura
Ages coefficient coefficient coefficient rate coefficient
1977-80
3-4-5 0.4153 ‘0.4232 0.0079 0.3386 0.0026
6-7-8 0.3081 0.6920 0.3839 0.2224 0.1286
9-10-11 0.1704 1.1064 0.9360 0.1031_ ©0.3120
1980-83
3-4-5 0.3229 1.5203 1.1974 0.1653 0.3992
6-7-8 0.5421 1.5301 0.9880 0.2776 0.3293
9-10-11 ©0.5511 2.7413 2.1902 0.1881 . 0.7361
‘A983-86 |
3-4-5 0.1867 0.3984 . 0.2118 0.1540  0.0706
6-7-8 0.3644 0.7829 0.4185 0.2527 0.1395
9-10=-11 0.5259 1.5787 1.0528 0.2644 0.3509
Average
3-4-5 0.1575
6-7-8 0.1989
0.4643




Table 8a--Catch-at-age data for the cohort analysis and observed
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mean numnbers at

age from surveys and derived

from the cohort analysis.
Year

Age 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
Catch At Age Data (Millions)

3 55.89 0,98 2.69 36.82 3.82 4.15 1.44 15.20 1.78 1.94 103,12 2,20 0.39 9,53
4 9.68 150.14 3.67 29.26 54.60 8.10 17.70 8.95 107,52 2,07 4.71 155,03 12.87 1.98
E) 21,7 20.52 128,11 29.59 11,32 48,58 10.97 9.1 10.44 71.53 4,58 8.84 116,96 16.49
6 40.20 35,50 21.86 185.10 20,23 9.40 51.75 10.16 {2.18 5.79 64.76 14.40 11.69 217.08
7 25.15 44,29 23.54 27,62 69,94 19,85 16.51 23,12 6.48 7.55 5,03 -41.00 8.17 23.32
8 23.00 25.73 38.00 13.81 11.58 38.45 31.67 10.65 27.79 6.75 6.30 6,08 17.58 13.44
9 21.50 11.40 17.15 4,93 6,30 5.85 23,31 8.68 7.53 16.98 5.17 5.84 1.76 25,58
10 10,32 3.58 7.40 0,99 3.13 2.90 3,70 22.87 6.46 3.43 15.30 4.12 0.71 2,58
11 4.51 1.63 3.70 0.31 3.13 2.90 1.92 2.37 14.33 3.49 2.54 B8.72 1.01 1.56
Fishing Mortality Coefficients

3 .02957 .00280 .00912 .05182 ,02544 .02068 .00998 .01452 .00477 .00467 ,02915 ,00907 .01543 506759
4 .,03456 ,10352 .01303 ,12944 .10119 06911 .11489 ,.07929 .13483 .00682 ,01396 ,05582 ,06710 ,10139
5 .10318 .09542 .12064 .,13678 ,06762 ,12295 .12584 .07968 .12513 ,12477 .01865 .03274 .05435 ,11490
6 .19621 .24407 ,13945 .25586 ,13056 .07352 ,18635 ,.16431 .14536 .09459 ,15886 ,07500 .05523 ',.13519
7 .21381 ,.34396 .25339 ,26198 .14481 .18279 .17853 .11869 ,14986 .12612 .11136 .14291 ,05554 .14870
8 .62177 ,35265 .55967 .23156 ,16676 .11059 ,49231 ,16731 ,20426 .23013 .14725 ,19062 .08396. 12166
9 .72353 .73595 .,42131 ,12758 ,15697 .11884 ,09061 .24061 ,17103 .18528 ,27683 ,19787 ,07745  .16898
10 .88207 .24561 1.87848 .03773 .11161 ,10051 .10261 .12054 ,28370 .10955 ,25344 ,37143 ,03317 .15546
11 .33760 ,32208 ,40390 ,34195 .14304 .08969 .08826 .10321 .24423 ,11061 .22410 .14432 ,09463

«16127

Table 8b.--Mean numbers at age from surveys and derived from the
co@ort analysis.

L

1977 1980 1983 1986
EST OBS EST 0BS EST OBS EST OBS
3 <150 90 1047 1581 3538 2728 141 82
4 540 508 113 128 337 45 20 19
5 167 41 114 90 245 26 144 142
6 155 61 62 73 408 330 1606 1607
7 483 573 195 265 45 3 157 158
8 69 70 64 79 43 32 110 114
9 40 44 36 206 19 29 151 146
10 28 28 190 ., 88 60 45 17 \16
1" 197 19 .27 s~ 23 17 16 17
SUM OF 37550 332666 796639 3523
SQUARES
TOTAL 1170380
1977 data fromsurveys. Al other data estimted from cohort

anal ysi s.

EST = estimated, OBS = observed.
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Table 9.--Summary of estimates of year class indices’, recruitment at age 3 from cohort
anal yses and spawner biomass for Pacific whiting.

2/ =24 L/

by Recruitment Spawner Total
Year Bailey's c ) at age 3 biomass temp.
class YCI (BI) YCI (Billions) (million t) index
1960 54 (71.0) (1.062) - warm
1961 130 (176.7) (2.884) - - Warm
1962 14 (15.4) (0.104) - Cold
1963 19 (22.3) - {04223) - Warm
1964 20 (23.7) (0.247) - Warm
1965 8 {( 7.0) (0.000) - Cold
1966 20 (23.7) (0.247) - warm
1967 34 36.6 (0.469) {0.8492) Warm
1968 28 24.5 (0.260) (0.6329) Warm
1969 29 26.5 (0.296) (0.3194) Warm
1970 78 147.4 2.115 (0.3460) Warm
1971 18 33.0 0.386 (0.3673) Cold
1972 14 29,6 0,327 (0.3860) Cold
1973 86 B6.1 0.804 0.5803 Warm
1974 16 19.4 0.167 0.6569 Cold
1975 30 24.6 0.224 0.6893 Cold
1976 - 14.9 0.159 0.6740 Cold
1977 - 93,0 1.162 0.6012 - Warm
1978 - 28,7 0.412 0.5621 Warm
1979 - ’ 20.7 0.460 0.4919 Cold
1980 - 211.3 3.958 - 0.5163 Warm
1981 - 20.0 0.269 0.5445 Warm
1982 - - 0.8 0,028 0.4879 Cold
1983 Co- - 0.161 0.8665 " Warm
1984 - - - 1.,0399 Warm
1985 - - - 1.1162 Cold
1986 - - - 1.0179 Warm

Mean warm year recruitnment.= 0.971, CV = 117.5% Mean cold year recruitment = 0.206, CV = 76.7%
Mean spawner biomass = 0.6373, CV = 36.7% Mninum spawner bionmass = 0.3193.

a/ Values in parentheses are estimated from linear regression.

b/ Bl = Pct. contribution of 4, 5, and 6 E/ SB) = Spawner bionass ages 3 to 11
year old fish calcul ated from N = Nunbers at age in beginning of year
commercial catch and survey data W = Average wei ght at age
(Bailey 1981). C Proportion mature at age

PCTF Femal e percent of at age

¢/ YO = Year Oass Index percent contri- _
bution of 4, 5 and 6 year old fish sB(3-11) = ' n;* c;* W, * PCTF, (1973-1986)
to the total population calculated

from the cohort analysis.

. SB(3-11) = 0.223 + 0.852 SB(3-7) (r2 = 0.912)
YCI = -4.1 + 0.0139 *# BI (r? = 0.812)
F/ Temperature on the spawning grounds 1960-86.
Recruitment Warm = Mean January-March temperatures >15°
-0.161 + 1,723 YCI (r2 = 0.942) Cold = Mean January-March temperatures <15°c

(21
~
b
(]



Table 10 .--Parameter values used in |I,000 year sinmulation runs of an age structured nodel

for Pacific whiting.

Par anet er 7 %
3 4 5 6 7 8 9 10 11 12 13 14 15
Q 0.00360 0.01417 0.02012 0.03154 0.03756 0.08877 0.07864 0.07888 0.07888 0.07888 0.07888 0.07888 0.07888
Cc 0.50 0.75 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 "1.00 1.00 1.00
W 0.4098 0.5190 0.6105 0.6991 0.7898 0.8952 0.9683 1.0315 1.1162  1.2050 1.2190 1.2330 1.2360
I 0.520 0.446 0.354 0.282 - 0.224 0.178 0.141 0.112 0.089 0.071 0.056 0.045 0.036
PCTF 0.508 0.506 0.514 0.519 0.522 0.539 0.549 0.558 0.583 0.583 0.583 0.583 0.583
Q = Age specific catchability coefficient
C = Proportion of mature females
W = Average weight at age (kg)
I = Initial numbers at age used for management runs (billions)
PCTF = Percentage of weight represented by females
Not e
N nunber of age classes 13
R nunber of years that recruitment
is delayed after spawning 3
SB, ., opti mum spawner biomass level (mllion t) 0.6373
P set at nean observed spawner biomass
SB,, , m ni mum spawni ng biomass (mllion nt) 0.3193
RW average warm year recruitment (billions) 0.971
RC average cold year recruitment (billions) 0. 206
M “atural martality cczfficient 0.2

9¢



Table 11 .--Summary of results froml|, OO0 year runs of the deterministic and stochastic versions of
t he nmodel under constant recruitnment nmanagenent policy.

) Minimum
Management Y(CV) f(Cv)  CPUE B(CV) % years Biomass fopt
Policy (1,000 t) (1,000 4) (ty/d) (1,000 t) SB<¢Scrit (1,000 t) (1,000 Q)
Variable effort .
Det ~ 196 (36.0) 8.4 (25.2) 23.3 923 (27.1) 10% 436 11.000
-Stoch 182 (70.2) 5.2 (42.9) ﬁ34.9 1,083 (47.3) 10% 376 5.830
Constant effort
Det "185 (29.3) 6.3 ( 0.0) 29.3 1,048 (31.0) 10% 404 6.300
Stoch 165 (50.8) 3.9 ( 0.0) 42.6 1,263 (53.0) 10% 3N 3.862
Det = Deterministic run CPUE = Catch Per Unit Effort in tons per boat day
Stoch = Stochastic run B = Total biomass
Y = Yield SB = Spawner bi onass
f = average effort Scrit = M nimum observed spawner bionass
fopt = optinumeffort |evel



Table 12.--Summary of the 1988-90 potential vyields,.

Aver age Spawner
Managenent Yield Ef fort Bi omass Bi omass Per cent
Policy Year (1,000 t) (1,000 d), (1,000 t) (1,000 t) Expl oi tation
Observed 1986 209 | 2.96 1,770 1,069 12%
Expected 1987 285 4.36 1,749 986 16%
Constant effort 1988 327 3.86 . 1,479 878 22%
Algorithm 1989 ) 228 3.86 1,462 803 16%
1990 188 - 3.86 1,300 726 14%
1991 - - - 717 -
Mean 1988-90 248
Variable effort 1988 587 8.03 1,333 878 44%
Algorithm 1989 255 6.07 1,218 664 21%
1990 182 5.39 1,078 589 17%
199 - - - 596 -
Mean 1988-90 = 341
Constant effort 1988 430 6432 1,389 878 35%
1988 - 1990 1989 294 6.32 1,282 716 23%
1990 224 6.32 1,096 614 . 20%
1991 - - - 596 -
Mean 1988-90 336
Constant catch 1988 325 3.84 1,479 878 228
1988 - 1990 1989 325 5.82 1,412 803 23%
1990 325 8.30 1,143 675 28%
1991 - - - 596 -

Mean 1988-90 325

8¢
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Figure 1 .--Pacific whiting distribution and abundance as neasured by catch
rates during the 1986 bottomtraw survey.
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